Cleaner Production is an initiative seeking for achieving sustainable development goals. Yet, it has not been satisfactorily disseminated in Brazilian industries. The purpose of this article was identifying the barriers and critical success factors, considering both the external and internal Brazilian environment. A survey was conducted among the professionals involved with the subject of Cleaner Production in Brazil, reaching 185 respondents. Data was analyzed using the Principal Component Analysis. The results indicated that the main success factors concern the organization characteristics, and are related to culture, strategic planning and resources for the implementation of Cleaner Production. In the case of barriers, it can be highlighted the inadequate vision and culture of organizations, followed by the lack of support from the external environment. Contrary to other studies, economic aspects did not seem to be crucial in the opinion of respondents. When measures that can be taken for a more effective dissemination of CP in Brazil are approached, it can be perceived that a repositioning of the external environment (government, other companies, academia, and consumers) is necessary, acting as a strong incentive and support for applying CP.
INTRODUCTION
Practices such as Cleaner Production (CP) emerged from the need to change current industrial routines to promote sustainable development. CP is a concept that has almost two decades; however, it still faces barriers and has not been largely implemented, especially in developing nations (Silva et al., 2013) . Reasons for that might be the complexity that rises when environmental problems are approached, as well as the need for a paradigm shift that CP requires (Baas, 2008; Bonilla et al., 2010) . More than a technological change, CP is an organizational change that involves culture and the everyday life of organizations and, as such, it faces resistance (Fresner, 1998) .
Considering the Brazilian context, efforts have taken place to disseminate CP. The National Centre for Clean Technologies of UNIDO-UNEP in Brazil has worked since 1995 to get entrepreneurs, especially from industry, involved and committed with CP. It also contributes to the dissemination of information, implementation of CP programs, training professionals and working on environmental policies. The environmental regulation agency of the state of São Paulo (CETESB) is also an important peer, acting as a major player in disseminating and seeking to integrate CP in Brazilian industries. Though, considering the universe of the industries in the state of São Paulo (43% of national industry), CETESB acknowledges that the level of CP adoption is still considered low (Ribeiro et Pacheco, 2011) .
The effects observed by the dissemination strategies are still marginal and have not generated significant changes in environmental licenses, which are the main instrument through which regulating agencies can prevent pollution in Brazil (Ribeiro et Pacheco, 2011) . Hence, observing the reality of Brazilian industries, CP does not appear to be disseminated at the desired rate (Pereira et Sant'Anna, 2012) . It is important that adequate environmental practices be adopted by countries that are in a process of development, not falling into the pitfall of remediation after degradation. In this way, fostering CP is a priority, and it is essential to identify the barriers that are preventing or creating obstacles for its adoption.
Knowing the barriers and CSF that are present in different contexts, the objective of this article is to investigate if the same aspects are encountered in the Brazilian context and therefore which directions should be taken to foster CP in Brazil. For achieving that, a survey was conducted with professionals that work with CP in Brazil. As such, in the following section the survey and data analysis method using Principal Component Analysis will be presented. After the results and discussions regarding what are the main drivers and barriers for CP in Brazil. Lastly, some final remarks pointing directions for fostering CP in Brazil.
METHOD
To identify the barriers and the critical success factors (CSF) involved in applying CP in Brazil, a cross-sectional study was performed through a survey with professionals that work with CP in Brazil (Babbie, 1999; Forza, 2002) . As a starting point a systematic review of literature was performed to identify aspects related to CP dissemination (Vieira et Amaral, 2016) where it was observed in a worldwide context what are the barriers and the CSFs for CP application. CSFs were considered as the characteristics, conditions or variables that, when maintained or managed adequately, have a significant impact on a company's success (Leidecker et Bruno, 1984) . Barriers, on the other hand, are the obstacles or difficulties that can exist both in the internal and external environment of companies, making difficult or even preventing CP application. Based on the CSF and barriers found in the international literature, semi-structured interviews were performed with two specialists who apply CP in Brazilian industries, aiming to construct a research instrument adapted to the local reality. Table 1 shows the variables included in the research instrument for CSF and barriers, comprising both aspects from literature and those identified in the interviews. Each of the variables analyzed were classified by a five-point Likert scale ranging from 'strongly disagree' to 'strongly agree'. The questionnaire also had demographic questions. Variables observed CSF 1 -Environmental laws should focus on pollution prevention (P2); CSF 2 -There should be support from governmental agencies; CSF 3 -There should be an environment for companies to exchange experiences; CSF 4 -CP practices should be acknowledged by clients; CSF 5 -Knowledge on CP should be disseminated throughout the organization; CSF 6 -The organization should have ISO 14001 certification; CSF 7 -The organization should consider the costs related to environment; CSF 8 -Quality tools such as Lean, Six Sigma, 5W2H and others should be used; CSF 9 -There must be records at the company about the consumption of resources, waste generation, and other aspects; CSF 10 -There should be an organization leadership in CP; CSF 11-The areas of the organization (environment, operations, product development, etc.) must be integrated; CSF 12 -There must be support from the higher management; CSF 13 -The environmental dimension must be part of the strategic planning; CSF 14 -There must be a culture of continuous improvement. B1 -Clients do not value CP practices; B2 -Environmental legislations focus on end-of-tube practices; B3 -There is no support from government agencies for adopting CP practices; B6 -Lack of financial resources; B7 -The environmental dimension is not part of the strategic planning; B8 -Lack of communication between the areas (environment, operations, product development, etc.); B9 -Managers are not prepared to see the environmental dimension in the processes; B10 -Lack of knowledge over the concept of CP in the organization as a whole; B11 -Methodologies and application of CP are not sufficiently systematized; B12 -Lack of professionals who have specific technological knowledge on the subject.
Since there are no official records or consolidated associations for professionals that work with CP in the country, the sampling used was not probabilistic, considering an unknown population. The questionnaires were sent to professionals who work in the environmental department of companies, professionals who work in environmental activities, members of the Cleaner Production Network, connected to the Advances in Cleaner Production event, and authors who have published articles on this topic in the last 10 years. The respondents were also asked to indicate people who could answer the survey, creating a snowball effect. The questionnaire was sent to a group of 15 people for pre-testing. Then the questionnaires were sent by e-mail via the Survey Monkey platform to a total of 597 individuals and the survey was made available for a period of one month, with weekly reminders sent to the participants in the survey.
Descriptive analyses
Initially Cronbach's Alpha Test was performed to verify the consistency of the research instrument. The descriptive statistics were generated to obtain an overview of the sample, evidencing their demographic characteristics. The distribution frequency of answers on the Likert scale for CSF and barriers was also observed by constructing percentage graphs.
Bivariate Analyses
To verify the existence of significant differences among the answers of participants from different groups, bivariate analyses were performed using the SPSS software. The variables analyzed were time of experience on the subject, level of schooling, and consultants or not, using the Mann-Whitney test. For the variable occupation area, the Kruskal-Wallis test was used.
Principal Components Analysis
To generate groups between barriers and CSF, enabling the identification of latent variables, the multivariate statistical method of Principal Components Analysis (PCA) was used. The PCA variables, which are more homogeneous throughout the sample, will make up the first factors; on the other hand, those that are different in the different groups of the sample will make up the last factors (Hair et al., 2006) . In this way, it was possible to identify what appear to be most important factors for the respondents.
PCA was implemented, according to the recommendations of Field (2009) and Hair et al. (2006) , using SPSS software and separately for CSF and barriers. To conduct PCA, the correlation between the variables was verified using the Bartlett test to confirm the existence of significant correlations (p<0.05) and after it was analyzed visually. Finally, the Kaiser-Meyer-Olkin index (KMO) was observed, considering values higher than 0.50.
For the definition of the number of components, screeplot analysis and Kaiser's criterion were used, where components with eigenvalues higher than 1 were maintained. The total variance explained was also observed, a solution that explained, at least, 60% of the variance was considered adequate (Hair et al., 2006) . The rotation method chosen for analysis was the orthogonal Varimax.
RESULTS
The survey covered a total number of 185 respondents. Considering sampling of an unknown population, it presents a confidence of 90% and an error of 6%, approximately (Bolfarine et Bussab, 2005) . Observing the total number of individuals contacted (597) a return rate of 31% was obtained. Considering the quality of the instrument, the Cronbach's Alpha coefficients were acceptable, both for CSF (α = 0.816) and for barriers (α = 0.739) (Field, 2009 ). Figure 1 presents the time of experience with CP, schooling, formation and occupation area (divided among those who perform consultancy or not). Considering the formation, the respondents were from varied backgrounds, so that the category Other presents a substantial prevalence. Some formations that could be mentioned, comprised by this category, were: law, economics, chemistry and design. Observing the occupation area, it can be perceived that 41% of the sample carry out consultancy activities at businesses and 11% of the sample work in businesses (without performing consultancy activities). In this way, 51% of the respondents are connected to the entrepreneurial environment, resulting in a sample that comprises a balanced view both of academic and of business environment.
Background of the Survey Respondents
Considering the result of the bivariate tests, in general, it was perceived that the respondents held the same opinion about the CSF and barriers, independent of the group to which they belonged. Even in the cases where the test performed proved significant, no discrepancies were found where there was a higher prevalence of answers discordant for one group and concordant for the other. The differences were rather related to one group having a greater prevalence of 'agree' and the other of 'strongly agree'. This is an indication that, independently of occupation area, time of experience, level of schooling, and conducting consultancy or not, the respondents presented similar answers.
Frequencies of Answers
Considering the frequency of answers, figure 2 presents the results in percentage obtained for the CSF. The one with highest prevalence of strongly agree answers was 'support from the higher management' (CSF12 = 82.7%), followed by 'environmental dimension inserted in the strategic planning' (CSF13 = 75.7%), and succeeded by 'disseminated knowledge in CP' (CSF 5) and 'culture of continuous improvement' (CSF 14), equally with 68.6%. Both CSF 12 and 5 presented neutral as their minimum answer, which may be evidence of greater importance. Observing the other extreme, the factors that presented a greater prevalence of answers 'strongly disagree', were 'existence of ISO 14001 certification' (CSF 6 = 5.9%), 'use of quality tools' (CSF 8 = 2.2%), and 'existence of a leadership in CP' (CSF 10 = 1.6%). The other CSF presented values between 1.1% and zero.
Considering the barriers, figure 3 shows the frequency of answers in percentages. The barriers with greatest frequency of answers 'strongly agree' were respectively: lack of knowledge regarding CP in the organization (B10 = 37.9%), lack of communication between the areas (B8 = 35.7%), managers are not prepared to see the environmental dimension (B9 = 31.9%), environmental dimension is not inserted in the strategic planning (B7) and lack of professionals with technical knowledge (B12) both with 24.7%. Observing the barriers that were most prevalently answered as 'strongly disagree', it is perceived that the rates of 'disagree' and 'strongly disagree' were greater than those for CSF. The barriers that had more answers as 'strongly disagree' were respectively: lack of systematization of the methodologies (B11 = 5.5%), lack of professionals who have specific technical knowledge (B12 = 4.4%), difficulty in identifying economic benefits (B5 = 3.8%), lack of financial resources (B6 = 2.7%) and lack of entrepreneurial associations to exchange experiences with (B4 = 2.2%).
In order to conduct the PCA, it was first observed the existence of a substantial number of correlations greater than 0.3 and a limited number of correlations greater than 0.8, allowing the analysis execution (Hair et al., 2006) . Considering the CSF, due to the low correlation presented between CSF7 and the other CSF, it was removed from the analysis. In this way, the PCA was conducted for 13 items using Varimax orthogonal rotation. The total KMO was equal to 0.816 and the individual indices of KMO were higher than 0.5, which is considered adequate (Field, 2009 ). Bartlett's test was significant, indicating the existence of correlation (χ² (78) = 753.395, p<0.001).
The initial analysis indicated four components with eigenvalues greater than 1 (Kaiser's criterion), explaining 63.6% of the total variance. The analysis of the scree-plot did not indicate a point of inflection that would justify altering the number of components. Thus, four components were maintained. Table 2 shows the loads of the factors after rotation.
The first component comprised the CSF 14, 13 and 11, and is related to the culture of the organization. This component refers to the fact that concern about the environmental issues and a favorable organizational environment is what will enable adopting concepts such as CP. The second component contained factors related to resources to apply CP, comprising the CSF 5, 12, 1 and 10. Support, leadership, focus of legislations and existence of knowledge about CP are aspects that will enable applying CP in the organization, since there is already a culture orientated to it. The third component is related to external support and consists of the CSF 4, 3 and 2. This external support comprises clients, the chain to which the company belongs and the government. The fourth component contains CSF 6, 8 and 9, and is related to the tools and practices that may make easier to apply CP.
Observing the components order, it can be said that respondents appear to prioritize the presence of a culture turned towards environmental issues that encourages excellence, followed by the existence of people and arguments that support applying it. External support is the third most important component and lastly the technical factors.
The PCA for the barriers was conducted for 12 items using the Varimax orthogonal rotation. The total KMO was equal to 0.75 and the individual indices of KMO were higher than 0.5, which is considered adequate (Field, 2009 ). Bartlett's test was significant, indicating that there are correlations (χ² (66) = 444.705, p<0.001). The initial analysis indicated four components with eigenvalues higher than 1 (Kaiser's criterion), explaining 61.03% of the total variance; on the other hand, scree-plot analysis showed a point of inflection at five factors. However, the fifth factor presented an eigenvalue of 0.8 and would result in creating a component with only a single variable. Thus, it was considered more adequate to maintain four components (Table 3) . The first component comprised barriers 8, 9, 7 and 10, and was related to organization problems and to their culture. These barriers approached the lack of information, lack of concern about environmental issues and organizational aspects that are not favorable for applying CP. The second component covers barriers 3, 2, 4 and 1 dealing with external support. This component approached the lack of support mechanisms from the government and supporting entrepreneurial organizations. Besides, the external environment (other companies and society) does not encourage the adoption of CP practices. On the other hand, the third component deals with the technical factors and is composed by barriers 12 and 11. These barriers approach the lack of professionals with technical knowledge concerning CP and possible difficulties of using methodologies for applying CP. The last component deals with economic factors and is comprised of barriers 5 and 6. The financial resources ultimately are not used for environmental actions and usually the advantages of using them for this purpose are not perceived.
DISCUSSION
The results present aspects that help understand what is necessary to disseminate CP in Brazil. The most crucial as-pects were those that concern the internal environment, and can be divided into related to organizational culture, and subsidies to implement this culture. A graphical representation of the PCA analysis for barriers and CSF was developed, seeking to improve comprehension (figure 4). The principal components obtained in the PCA analyses were distributed in their order of importance and are marked by gates that must be read from left to right. The components may comprise factors that concern the internal and/or external environment.
The figure 4 has a central line separating CSF and barriers. However, it can be perceived that there are cases where the same attribute can be a CSF or a barrier, depending on its existence, or on whether its orientation favors CP. For instance, in the case of integration and knowledge in CP, if these do not exist, they will be considered a barrier. In the case of strategic planning, if it does not expressly include the environmental dimension it will be an obstacle.
In this way, both for CSF and barriers it begins by gate number one, called organizational vision and culture, which is in the internal environment. This is a sign that everything begins with the will of the organization. Considering the CSF, the existence of concern with environmental issues in the strategic planning (CSF13), as well as a culture of continuous improvement (CSF14), and integration between areas (CSF11) are priority aspects, comprising the first component of the PCA analysis. If these aspects are not present, they become barriers. These findings agreed with some studies of the international literature, which also identified the insertion of the CP values in company strategy as a priority factor for applying it successfully (Van Hoff, 2014; Tseng et al., 2009; Shin et al., 2008; Orsato, 2006; Stone, 2006) .
The second gate to CSF is composed by the resources to apply CP, which travels between the organizational environment and the external environment, due to the inclusion of legislation. According to the answers of professionals, once the organization has a culture aligned with CP goals, the resources for achieving it are approached, such as the support of high management (CSF12), knowledge of CP (CSF5) and leaders who encourage this application (CSF10). In a study performed by Stone (2006) the commitment of high management was also identified as a major factor. Tseng et al. (2009) also state that the existence of managers who act as leaders in applying CP is a priority. Agreeing with what has been said so far, Staniskis (2011) points to the greater need of human factors as compared with the technical ones for the success of CP.
Then existence of external support is included, behaving differently when faced within the scope of the CSF or of the barriers. For the CSF, it presents as the third principal component, but for the barriers, as the second. This may be evidence that, in the opinion of the respondents, if the company has a culture and internal commitment, it will be successful in applying CP even if the external environment does not support it. However, in cases where there is lack of internal support, this external incentive may be the factor that will allow the successful application of CP. Authors such as Dieleman (2007) and Shin et al. (2008) remark that the external environment may not be only a support, but an agent protagonist of change, promoting the dialogue between government, industry and community. Besides, the wish to adhere to social codes of ethics, managing the company according to the stakeholders' interests may be a determining factor (Reinhardt, 1999) . It could also be said that, ideally, this application should arise from an internal will and be supported by the external environment; however, if this internal will does not exist, the external environment should provide incentives. In addition, Shin et al. (2008) underscored that a sustainable society requires not only continuous internal efforts, but also social aspirations to improve and advance the existing structures.
The technical factors are then represented as the fourth gate for the CSF and the third gate for the barriers. And the final gate both for CSF and barriers is concerned with the economic dimension. In this way, financial aspects that were pointed out in the literature by Dieleman (2007) , Daddi et al. (2013) and Dobes (2013) , as a major obstacle to applying CP, appears not to be such a significant barrier in the opinion of the participants. In this study, the fourth component of the barriers PCA was comprised by difficulty in recognizing the economic benefits (B5), and lack of financial resources (B6). The barriers that were presented as more significant in this study were related to lack of communication between areas (B8) and lack of knowledge in CP (B10).
Analyzing the measures that can be taken for CP to be applied more effectively, it is perceived that the main one is the repositioning of the external environment. Especially in issues concerning legislation and government agencies, these should not be considered obstacles to applying CP. Government is one of the players that has the greatest power of influencing companies, and even the vision of society. A survey conducted by Oliveira Neto et al. (2016) also concluded that the engagement of stakeholders, such as governmental agencies and academia, is necessary to promote CP in Brazil. It is positive that companies can apply CP by their own will, but one of the measures that appear to be necessary for CP to become a common practice to all Brazilian companies is that the external environment no longer be positioned as the second gate to the barriers and become more crucial to apply CP.
FINAL REMARKS
This article aimed to identify the critical success factors and the barriers involved in applying CP in Brazil. It was possible to observe a consistence among the answers of the participants in this study, independent of respondents' background and characteristics such as time of experience on the subject or level of schooling. The answers evidenced that both the main CSF and the barriers concern the organizations. Nevertheless, these are not tools or methodologies that they use to apply it or even economic issues, but central aspects such as their vision, culture and forms of management.
The study participants indicated that the priority for achieving success applying CP in Brazil is that the organization should acknowledge its importance and internalize it in their strategic planning. Besides, it is relevant to have an internal environment that will allow cooperation and knowledge exchange. On the other hand, when measures that can be taken for a more effective dissemination of CP in Brazil are approached, it can be perceived that a repositioning of the external environment (government, other companies, academia, and consumers) is necessary, acting as a strong incentive and support for applying CP.
Considering future studies, evidences found during data collection indicate that the individual dimension should be included in future analyses. This study observed the organization and external environment and what was identified as a priority: the culture orientation of organizations; therefore, it appears useful to investigate the origin of this culture. Since it has been found that this motivation in favor of CP is crucial, it is important to understand how it emerges. Being the organization composed by individuals, it appears essential to analyze their motivations.
